Information regarding crop yield response for different tillage and rotation systems is needed to determine regional or local suitability for a given production system. Our objective was to determine the effects of continuous and alternating tillage sequences in corn (Zea mays L.) monoculture and corn-soybean [Glycine max (L.) Merr.] rotation on residue cover, soil water, and grain yield. Continuous conventional tillage (CT), continuous no-tillage (NT), or CT and NT alternating every other year were evaluated during a 5-yr period on a Rion (fine-loamy, mixed, thermic Typic Hapludult)-Pacolet (clayey, kaolinitic, thermic Typic Kanhapludult) sandy clay loam complex at a Piedmont location and an Eunola sandy loam (fine-loamy, siliceous, thermic Aquic Hapludult) at a Coastal Plain location. The 5-yr average NT corn grain yield was 27% (1.15 Mg ha-1 ) higher than CT at the Piedmont location, but only 4% (0.32 Mg ha-') higher at the Coastal Plain location. Continuous NT at the Piedmont location also resulted in higher corn yields 2 out of 4 yr compared with NT following CT. The increase in corn yield with NT was associated with greater soil water availability, primarily attributed to surface residue cover from corn stover fostering greater infiltration on a crust-prone soil. Soybean yield during the 5-yr period was 5% higher with NT at the Piedmont location and unaffected by tillage at the Coastal Plain location. In general, crop rotation had no effect on corn yield at either location. Results indicate that continuous NT should be the system of choice on this upland Piedmont soil.
N O-TILLAGE to control soil erosion and enhance rainfall capture and retention is a proven practice in the southeastern USA, particularly on the broadly sloping lands of the Piedmont and Appalachian Plateau. Yield increases due to NT have been most notable for corn and double-crop soybean, and were primarily attributed to greater soil water availability from increased infiltration (Jones et al., 1969; Moschler et al., 1972; Wagger and Denton, 1989) . In contrast, however, there are reports of grain yields being equal or lower with NT than with CT systems. Tyler et al. (1983) found that full-season soybean yields were unaffected by tillage system on silty soils in western Tennessee. On heavy clay soils in the Mississippi Blacklands Prairie region, NT resulted in a 20% soybean yield reduction compared with CT (Hairston et al., 1984) . These yield variations illustrate the need to determine regional or local suitability for a given tillage system.
Long-term tillage evaluations have mainly focused on the continuous sequences of CT or NT with respect to crop performance (Moschler et al., 1972; Van Doren et al., 1976; Dick and Van Doren, 1985) . Results from the few studies involving rotation of tillage systems have been contradictory. On poorly drained soils in Ohio, corn yield reductions for the second and succeeding 2 yr of NT, compared with continuous fall moldboard plowing, were alleviated when NT followed CT (Triplett and Van Doren, 1985) . Shear and Moschler (1969) , however, found no benefit to corn grain and stover yields from moldboard plowing in alternate years compared with 6 yr of continuous NT. Considerable research has demonstrated the importance of crop rotation in maintaining corn yield compared with continuous monoculture (Adams et al., 1970; Barber, 1972; Edwards et al., 1988; Meese et al., 1991) , even though the reason is not well understood. Crop rotation in conjunction with various tillage systems has also received attention; however, results have been conflicting. Dick and Van Doren (1985) reported that rotating corn with soybean, oat (Avena saliva L.) and mixed grass meadow, or oat and alfalfa (Medicago sativa L.) minimized the negative effects of NT on a very poorly drained Hoytville soil. In the Appalachian Plateau region of Alabama, Edwards et al. (1988) found corn yield unaffected by tillage or crop rotation in 2 out of 3 yr. Strip tillage or NT in conjunction with soybean in the rotation increased corn grain yield by 12% the other year.
Given the overall importance of surface crop residue in NT, the previous crop might also influence crop performance. Greenhouse and laboratory studies have shown that corn residue reduced early corn growth, suggesting the involvement of allelopathic compounds (Guenzi and McCalla, 1966; Yakle and Cruse, 1983) . In a field experiment, however, Crookston and Kurle (1989) observed that the positive yield response of both corn and soybean to rotation was not caused by decomposing aboveground corn residue.
Our objective was to determine the effects of continuous and alternating tillage (CT and NT) sequences in corn monoculture and corn-soybean systems on residue cover, soil water content, and grain yield under North Carolina Piedmont and Coastal Plain conditions. The experimental design was a randomized complete block with four replicates of four tillage treatments (continuous CT, continuous NT, or CT and NT alternating every other year) in two cropping systems (corn in continuous monoculture and a 2-yr corn-soybean rotation). All treatment combinations were present each year of the study. Conventional tillage for both crops involved spring chisel plowing to a depth of 22 cm with shanks spaced 30 cm apart followed by disking twice to a nominal depth of 12 cm. Notillage planting was performed using a double disk opener assembly following a ripple coulter. Because of a rootrestrictive layer between the Ap and B horizons at the Coastal Plain location, in-row subsoiling was performed to a depth of 35 cm during the planting operation for both CT and NT. Controlled traffic (foot and machinery) patterns were used for the duration of the study and confined to alternating interrow areas spaced 1.93 m apart. Plot dimensions were 5.8 by 15.2 m, consisting of six rows spaced 0.97 m apart.
MATERIALS AND METHODS
In order to establish first-year tillage comparisons, winter wheat (Triticum aestivum L.) was planted via CT (chisel plow-disk) over the entire experimental area in the fall of 1983 at each location. This resulted in the establishment of CT and NT treatments for corn and soybean the first year. After the first year, NT planting was performed in the residue of the previous crop. Lime and P and K fertilizers were broadcast on the soil surface as needed, based on North Carolina Department of Agriculture soil-test recommendations. Dolomitic lime was applied in the fall, and P and K were applied in the spring prior to chisel plowing.
DeKalb-Pfizer 789 corn 1 was planted at a seeding rate of =59 000 kernels ha-1 on 26 Apr. 1984 , 9 Apr. 1985 , 14 Apr. 1986 , 1 May 1987 , and 26 Apr. 1988 at the Piedmont location, and 16 May 1984 , 2 Apr. 1985 , 26 Mar. 1986 , 7 May 1987 , and 24 Apr. 1988 'RingAround 604' soybean was planted at a rate of = 96 000 seeds ha-1 on 15 May 1984 , 9 May 1985 , 27 May 1986 ,18 May 1987 , and 23 May 1988 at the Piedmont location, and 16 May 1984 , 8 May 1985 , 14 May 1986 , 7 May 1987 , and 24 May 1988 at the Coastal Plain location. Weed control was provided with a spray application at planting of 4.7 L ha-1 each of glyphosate and alachlor. Weeds were controlled postemergence with a spray application of 2.3 L ha-
. Soybean yield was determined by machine harvesting the two center rows of each plot. Grain yield was adjusted to a 130 g kg-1 moisture basis.
Beginning =4 wk after planting, and at biweekly intervals, soil water content at 0 to 15 cm was measured gravimetrically and by neutron thermalization from 15 to 90 cm in 15-cm increments. All measurements were made in the plant row and gravimetric values were converted to a volume basis using bulk-density samples taken with a Uhland core sampler (Blake and Hartge, 1986) . These measurements were made during the first 3 yr (1984) (1985) (1986) only for all tillage treatments and both crops in the corn-soybean rotation. Surface residue cover percentage was estimated in all corn plots each year =2 to 3 wk after crop emergence using a 7.6-m transect with 25 points (Sloneker and Moldenhauer, 1977) . Transect endpoints were in adjacent untrafficked interrows.
Data were analyzed by analysis of variance, with orthogonal contrasts (Steel and Torrie, 1980) . Only significant contrasts are reported.
RESULTS AxND DISCUSSION
Variations in rainfall distribution patterns during critical periods caused varied yield responses to treatments. Rainfall was generally adequate during the 1984 and 1985 corn growing seasons at both locations, but extremely dry conditions persisted during the tasseling to silking periods in 1986 and 1987 (Table 1) . For soybean, rainfall was very limited during pod development and pod fill during 1984 to 1986 at the Piedmont location and during 1986 to 1987 at the Coastal Plain location. The net result of these year-to-year variations in rainfall distribution with respect to tillage effects on yield was dramatic at the Piedmont location, but only minimal at the Coastal Plain location.
Corn Yields
At the Piedmont location, corn grain yields were significantly higher with NT in 3 out of 5 yr but unaffected by tillage system the other 2 yr ( Table 2 ). The magnitude of these differences was greatest in 1985 and 1988, when yield increases with NT averaged 48% (2.33 Mg ha-1 ) and 54% (2.19 Mg ha-1 ), respectively. Averaged across 5 yr, com grain yields were 27% (1.15 Mg ha" 1 ) higher with NT than with CT. Plant water stress was visually apparent in the CT plots. Associated with these periods of obvious plant stress under CT were significantly lower soil water content values in the surface 15 cm compared with NT ( Fig. 1 and Table 3 ). Few differences between tillage systems were found for soil water values deeper in the profile (data not shown). Also of note was the visually apparent evidence of soil crusting in CT plots. Consequently, the increase in soil water availability with NT, and accompanying increase in grain yields, was primarily attributed to the presence of surface residue cover fostering greater infiltration on a soil prone to crusting. Measurements of surface residue cover during this 5-yr study ranged from 53 to 89% with continuous NT to 1 to 7% with continuous CT (Table 4) . The relationship between surface residue cover and corn yield was also evident with NT treatments at the Piedmont location. Continuous NT plots consistently had higher surface residue cover than NT following CT (Table 4) . These lower values with alternating NT were probably due to the generally lower yields with CT the previous year and, consequently, less corn stover to provide residue cover. In turn, a yield advantage was observed for continuous NT compared with NT in the alternating CT-NT sequence in 2 out of 3 yr that a significant tillage response also occurred (Table 2) No-tillage following surface 15 cm was also evident for alternating NT with respect to CT and continuous NT on several dates in 1986 (Table 3 ). The percentage of surface residue cover can also be important in meeting conservation compliance guidelines for federal programs. In North Carolina for example, the USDA Soil Conservation Service has established a threshold of 50% surface residue cover after planting (compared with a 30% value commonly used) for practices defined as conservation tillage.
Yield results at the Coastal Plain location contrasted sharply with those obtained in the Piedmont. Corn yields were generally higher at the Coastal Plain location, reflecting the somewhat better soil water relations with the moderately well-drained Eunola soil. More notable, however, was the limited yield response to tillage at this location (Table 2 ). In the only corn growing season marked by above-normal rainfall, the yield decrease with CT in 1984 may have been due to incorporation of wide C/N ratio wheat straw at the initiation of the study and a subsequent short-term immobilization of N. The 5-yr average yields were 7.72 Mg ha-1 with CT and 8.04 Mg ha-1 with NT. These results are somewhat surprising in light of at least two relatively dry growing seasons (1986 and 1987) . Apparently on a soil with no surface crusting or associated infiltration limitations, the water conservation that may occur with NT is of minimal consequence after complete corn canopy closure. Soil water content did not vary much between tillage treatments (data not shown), even with the large differences in surface residue cover between CT and NT (Table 4) . Residue cover differed little between continuous and alternating NT treatments.
Crop rotation had only a small effect on corn yield, with corn following soybean resulting in a 0.28 Mg ha -1 increase at the Piedmont location in 1986. Surface residue cover was unaffected by crop rotation at the Piedmont location, but significantly lower in 2 out of 4 yr when corn followed soybean at the Coastal Plain location.
Soybean Yields Tillage had a small, inconsistent effect on soybean yield at the Piedmont location (Table 5 ). In the establishment year of 1984 CT soybean yielded slightly more than NT soybean. This result was reversed in two (1985 and 1988) out of the remaining 4 yr. The yield advantage for NT vs. CT was an average of 5% for the 5-yr period. On a similar upland Piedmont soil, Wagger and Denton (1989) reported consistent yield increases (3-yr average of 43%) for NT double-crop soybean compared with CT, which were attributed to better infiltration and lower evaporative soil water losses. In our study, soil water content in the surface 15 cm was higher with NT on six of seven dates during the 1985 growing season (Fig. 2) , but yield was only slightly increased. Apparently, soil water values in CT plots were not low enough to seriously restrict soybean growth, since full canopy closure occurred every year. Nevertheless, it is likely that some earlyseason tillage effects on soil water content were overshadowed by the relatively low rainfall that occurred during pod fill in 4 out of the 5 yr. Tillage system in the previous year had no effect on soybean yield. Similar to corn, soybean yield was unaffected by tillage at the Coastal Plain location (Table 5) . Averaged across tillage treatments for the 5-yr period, soybean yield was 2.50 Mg ha~* and comparable to that obtained at the Piedmont location. Differences in soil water content between tillage treatments (data not shown) occurred infrequently and primarily during the early part of the growing season when grain yield would be least affected.
CONCLUSIONS
On sloping, upland Piedmont soils similar to the one used in this study, NT can significantly increase the yield of corn. This yield enhancement can be attributed to the surface residue cover minimizing soil crusting, thereby reducing runoff and improving soil water availability. Moreover, after 5 yr there was no drawback to a continuous NT corn production system, but rather an overall yield advantage compared with NT following CT. Full-season soybean yield was only slightly improved with NT on this Piedmont soil. Also, for a wide range of seasonal rainfall distribution patterns, there was no marked yield advantage with NT for corn or soybean on a Coastal Plain soil. Finally, crop rotation had virtually no effect on corn yield at either location.
